Combining the local isometry between black-hole and colliding wave spacetimes with the Helliwell-Konkowski conjecture it suggests that for a class of non-linear perturbations, inner horizon of a blackhole turns into a spacelike singularity. This test is equivalent to consider horizon forming colliding waves in a de Sitter background which converts the horizon into a singularity. Conformal property of our spacetime makes analysis more tractable than the other methods.
Introduction
Much effort has been put forward in the past, to determine the fate of the black-hole's inner horizon under various perturbations. The inherent nonlinearity of the theory renders such stability analysis tedious enough, and sometimes inconclusive. As an example we cite the stability analysis of the horizon (or quasiregular singularity) in the Bell-Szekeres [1] space-time by Chandrasekhar and Xanthopoulos (CX) [2] and independently by Yurtsever [3] . These are not the only examples in which volumious papers are devoted to determine the stability of very simple diagonal metrics which yield results that are not decisive. Concerning the inner horizon of a black-hole one question remains unsettled: under what conditions (or type of perturbations) an unstable horizon transforms into space-like or a null singularity [4, 5] ?. It is our belief, without any proof, that the singularity formed is a directional dependent one [6] , namely, it depends on which directions the horizon is perturbed. In this paper we combine two techniques to provide a simple proof for the instability of a black-hole's inner horizon. The first technique is a conjecture introduced by Helliwell and Konkowski (HK) [7] which has been tested in many sample spacetimes succesfully. Secondly we use the fact that inner portion of a black-hole is locally isometric to the space of colliding waves [8, 9] . The reason for basing our argument on colliding wave spacetimes is that planar perturbations in such spacetimes is much simpler to handle.
As a requirement of the HK conjecture we insert simple test fields and calculate the energy-momentum scalars in the colliding wave background. If these scalars are divergent on the horizon then in an exact back reaction solution the exact field which is imitated by the test field will respond equally strong in a divergent manner. In other words, as in the Newtonian mechanics action (the effect of the test field on the spacetime) and reaction (the response of the spacetime on the test field) forces must be proportional. Roughly, this is the implication of the HK conjecture which sounds logical from physical standpoints. In short, the tedious perturbation analysis of CX of the BellSzekeres metric and simple conclusion drawn by using the HK conjecture motivated us to apply the latter to the instability problem of black-holes.
Our analysis, however is unable to predict any formation of a null singularity following the destruction of a horizon. In fact to date such a solution has not been encountered within the context of realistic colliding waves. CX metric is given by
where the coordinates (τ, σ) are given in terms of the null coordinates (u, v)
The metric functions are
in which the constants α, p and q must satisfy
The metric (1) transforms into the Boyer-Lindquist form of the KN, if the following transformation is used.
with
so that Q 2 = (1 − α 2 )m 2 holds. Note that α = 1 removes the charge and reduces the problem from KN to Kerr and in particular the limit a = 0 yields the Reissner -Nordstrom case. With these substitutions the line element (1) may be written in the form
with the standart notations
in which a and Q stand respectively for the constants of rotation and electric charge. Note that ∆ here is different from the ∆ of the CX metric. The roots of ∆, r + and r − are known as the event and Cauchy (inner) horizon, respectively. Therefore the colliding wave solution due to CX is locally isometric to the KN metric in between the two horizons.
Null Dusts in the CX Spacetime
We consider now two oppositely moving null test dusts moving in the in- in KN) to obtain the first integrals of the null geodesics aṡ
in the KN geometry, and the corresponding first integrals of the CX geometry
In both cases E is the energy constant and dot represents the appropriate parameter for the null geodesics. We insert two null dust congruences with finite densities ρ l and ρ n propagating along the null vectors l µ and n µ . In other words the total test energy-momentum tensor is
where
in which we have scaled
The non-trivial scalar T µν T µν of the criss-crossing null test dust is given by
which diverges for τ → 1. This corresponds to a divergence for r → r − in the KN black-hole. As a prediction of the HK conjecture any exact backreaction solution that is imitated by the foregoing test dusts must destroy the horizon. In the next section we present a new exact backreaction solution which represents a solution of colliding Einstein-Maxwell-Null dust that exhibits a spacelike singularity for τ → 1. The new solution incorporates a conformal factor and therefore leaves all Weyl scalars invariant and regular.
A New Exact Backreaction Solution
Our aim now is to present an exact solution which involves collision of Einstein-Maxwell fields coupled with null shells. The shells are added as a conformal factor and our method can be summarized as follows.
Let ds 2 0 represent the CX metric (1) which is isometric to the KN. Then, the new metric [10] it is more reliable to investigate the behaviours of the scalar curvature and the Ricci components. In this sense the solution adopted in (13) as the exact version of the test null dust is stronger (and simpler) than the implication of the source added CX solution [8] .
As a second advantage we point out that the metric
represents the de Sitter space with scalar curvature and cosmological constant as the only non-zero physical quantities [11] . The transformation
takes this metric into
which is identified as the de Sitter metric. Similarly by the choice of the conformal factor and transformation
our metric becomes
which is the anti -de Sitter metric. In both cases the constant λ is defined by λ = √ 2α 0 β 0 in which α 0 > 0, β 0 > 0. Now instead of the flat metric by substituting the CX metric (1) it can be interpreted as colliding Einstein -Maxwell fields in a de Sitter background. This is the alternative interpretation that our metric admits when we remove the step functions in the conformal factor. By this interpretation (and of course through the isometry)
it says that a KN black -hole endowed with a de Sitter background in between the horizons gives rise to a divergent scalar curvature besides some of the Ricci's. In turn according the HK conjecture such a horizon converts into a singularity. This singularity is necessarily spacelike since a normal vector to the horizon turns out to be timelike. As a final advantage we recall that in the CX metric the null fields are added to the vacuum problem whereas in our case we make the addition to the electrovacuum problem. Such an extension was a missing link in the study of CX.
Conclusion
A pair of test null dust is inserted in the CX colliding wave spacetime. Since the energy -momentum scalar diverges then according to the HK conjecture an exact back reaction solution must yield a scalar curvature singularity. The exact solution which we present involves a conformal factor as a source so that all Weyl scalars remain finite while some Ricci's (and scalar curvature) diverge on the horizon. Inclusion of the conformal factor is equivalent energetically to the de Sitter background and through the isometry it makes possible for us to embed a black -hole in a de Sitter (or anti -de Sitter)
background. The slightest effect of the source (through the scalar curvature or cosmological constant ) of such a background suffices to destroy the inner horizon.
Since (1 − u 2 − v 2 ) = √ 1 − τ 2 √ 1 − σ 2 for σ = 0 and τ → 1 (on the horizon) the divergence of the scalar curvature Λ and Φ 11 is clearly manifest.
A detailed calculation reveals that Φ 02 is also divergent while Φ 00 and Φ 22 remain finite on the inner horizon. Let us note that suppressing one of the incoming shells but retaining the other, still the above components diverge.
This amounts to colliding Einstein -Maxwell wave from one side with an Einstein -Maxwell -Null shell from the other side. However this form can not be interpreted as a de Sitter background in the corresponding black-hole problem.
